Background. Whether convective therapies allow better control of serum phosphate (P) is still undefined, and no data are available concerning on-line haemofiltration (HF). The objectives of the study are to evaluate the effect of convective treatments (CTs) on P levels in comparison with low-flux haemodialysis (HD) and to evaluate the correlates of serum phosphate in a post hoc analysis of a randomized clinical trial.
(P < 0.001), pre-dialysis bicarbonate levels (P < 0.001) and predialysis blood K levels (P < 0.001). On multivariate analysis (generalized linear model), serum P was again largely unassociated with CTs (P = 0.631). Notably, participating centres were by far the strongest independent correlate of serum P, explaining 45.3% of the variance of serum P over the trial and this association was confirmed at multivariate analysis. Bicarbonate (P < 0.001) and, to a weaker extent, serum K (P = 0.032) were independently related to serum P. Conclusions. In comparison with low-flux HD, CTs did not significantly affect serum P levels. Participating centres were the main source of P variability during the trial followed by treatment with phosphate binders, serum bicarbonate and, to a weak extent, serum potassium levels (ClinicalTrials.gov Identifier: NCT011583309).
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I N T R O D U C T I O N
Hyperphosphataemia is one of the most frequent alterations in patients with kidney failure and represents a crucial element in mineral bone disorders in this population. Inhibition of 1-alpha-hydroxylation of 25-hydroxycalciferol via the fibroblast growth factor-23 pathway by high serum phosphate and the ensuing calcitriol deficiency may result in hyperparathyroidism and bone disease [1] . On the other hand, hyperphosphataemia entails an excess risk for vascular damage and death in this population, and a recent meta-analysis focusing on biomarkers of bone and mineral disorders in chronic kidney disease (CKD) patients [2] has identified phosphate as the most solid predictor of adverse clinical outcomes in CKD. Correction and prevention of hyperphosphataemia is a fundamental component of the management of patients with kidney failure, and both phosphorus binders and restricted dietary phosphorus intake are formally recommended by current guidelines [3] .
Because phosphate is an intracellular anion primarily removed by diffusion, it is not effectively reduced by conventional dialysis. Larger dialyser surface area, higher blood and dialysate flows and higher glucose and bicarbonate levels in the dialysate have been inconsistently associated with better phosphate removal [4] [5] [6] . Observations in patients entering daily nocturnal dialysis strongly suggest that long dialysis may fully correct hyperphosphataemia [7] . However, such a possibility is limited by logistic and cost considerations in most dialysis centres and for this reason the addition of convective removal to standard removal by diffusion with haemodiafiltration (HDF) has been proposed as an alternative to long dialysis. In this respect, in 1999 Zehnder et al. [8] reported that HDF may allow better control of hyperphosphataemia but two subsequent papers failed to confirm this finding [5] [6] 9] . A recent audit in a large dialysis network reported slightly lower serum phosphate levels in patients on HDF than in haemodialysis (HD) patients despite shorter treatment session times [10] . However, the lack of control for potential confounders like the use of phosphate binders, diet and bias by indication make data interpretation in this audit problematic. From a methodological point of view, the analysis of the problem in a clinical trial designed to compare standard HD with convective techniques may limit bias and provide important information for testing the hypothesis that convection allows significant additional removal of phosphate when compared with standard dialysis.
Within the framework of the CONVESTUDY [11] , a randomized trial comparing standard low-flux HD with two convective techniques (on-line pre-dilution haemofiltration (HF) and on-line pre-dilution HDF) in terms of haemodynamic stability and various clinical end points, we performed an analysis aimed at establishing whether these techniques have a differential effect on phosphate (P) and parathyroid hormone (PTH) levels. This paper describes the effects of these techniques on the main biomarkers of calcium-phosphate metabolism in the CONVESTUDY.
M E T H O D S
Study design This is a post hoc analysis of a multicentre, open label and randomized trial involving 27 Italian dialysis centres and comparing low-flux HD with on-line pre-dilution HF and/or online pre-dilution HDF (CONVESTUDY) [11] . The study was conducted in accordance with the Declaration of Helsinki and was approved by the Institutional Review Board of each centre. All of the patients gave their written informed consent before enrolment.
Details of the study protocol have been published elsewhere [12] . Eligible patients were randomly assigned by e-mail to receive low-flux HD or convective treatments (CTs) (1 : 1) to on-line pre-dilution HF or on-line pre-dilution HDF using a central computer-generated randomization list stratified by centre. After a 2-month run-in period, the planned 2 years of the experimental phase were divided into two periods: a fixed 3-month adaptation period and a subsequent 21-month evaluation period. According to the protocol, the patients who did not complete the adaptation period were excluded from the modified intention-to-treat (ITT) analysis.
Participants
Patients aged 18-80 years were considered eligible if they had been undergoing thrice-weekly HD or HDF for at least 6 months, had a body weight of <90 kg and were in stable clinical condition. The patients with clinically relevant infections, malignancies, active systemic diseases, active hepatitis or cirrhosis, unstable diabetes, diuresis of >200 mL/24 h or a dysfunctional vascular access with a blood flow rate of <300 mL/min were excluded from the study.
Extracorporeal treatments and drug therapy
The HD, HF and HDF machines were all equipped with a dialysis fluid ultrafiltration system for the production of ultra-pure dialysate [with each millilitre containing <0.1 colonyforming units (CFU) and <0.03 endotoxin units (EU)] and sterile non-pyrogen substitution fluid (<0.001 CFU/L and <0.03 EU/mL), which was checked at monthly intervals. Blood flow rate was 300-400 mL/min and treatment time of 3-4.5 h per session. HD was performed using a low-flux membrane and a dialysate flow rate of 500 mL/min; HF using a synthetic high-flux membrane and an infusate/blood flow ratio of 1 and HDF using a synthetic high-flux membrane with an infusate/blood flow ratio of 0.6 and a dialysate plus infusate rate of 700 mL/min.
Routine patient care, the dialysate/infusate composition and the prescription of medications were decided by attending nephrologists. Therapy with phosphate binders was registered considering separately the use of aluminium-based phosphate binders (yes versus no), the calcium-based phosphate binders (scored as no therapy, dose ≤2 g/day, >2 g/day) and sevelamer (scored as no therapy, dose ≤3.2 g/day, >3.2 g/day). Therapy with oral or i.v. vitamin D was considered as a dummy variable (0/1). Drug compliance was not specifically addressed.
Laboratory data and dialysis dose
Pre-dialysis levels of haemoglobin (Hb) serum electrolytes (including sodium, potassium, bicarbonate, calcium, phosphate), urea and creatinine were checked monthly; urea and sodium were also evaluated monthly at the end of the session. Iron status and the levels of C-reactive protein and albumin were checked every 3 months. Intact PTH levels were checked every 6 months. All laboratory samples were analysed by standard techniques in laboratories of nephrology centres participating in the CONVESTUDY.
Equilibrated Kt/V (eKt/V) and equilibrated normalized protein catabolic rate (ePCRn) values were calculated monthly using the procedures and simplified equations of Daugirdas [13] .
Statistical analysis and outcome measures
The descriptive analysis was based on the median values and interquartile ranges (IQRs) or mean values and standard deviations of the normally distributed continuous variables, and counts and percentages of the categorical variables. Baseline differences in clinical and laboratory variables between the three groups were tested using Mann-Whitney U-test for continuous variables, and the χ 2 test for categorical variables. A separate analysis was made for P and PTH levels. The general linear model for repeated measures of analysis of variance was used to test the effect of the experimental treatments (HF and HDF) in comparison with the reference treatment (HD) and to identify predictors related to P and PTH levels over the trial. The tested covariates were the participating centre, age, the type and dosage of phosphate binders, bicarbonate levels, eKt/V, the ePCRn total calcaemia, PTH and potassium levels. The major inter-subject factor was the randomly assigned group. The group effect was tested using the group-bytime interaction, with the HD group being considered the reference. The effect size was estimated by means of the partial η 2 value associated with each predictor. All statistical analyses were made using SPSS for Windows, release 18.0.
The primary outcome of this study was the evaluation of the effect of pure (HF) and/or mixed convection (HDF) in comparison with diffusion (HD) on P levels, as estimated by the changes in P levels between the 2-month run-in period and the 21-month evaluation period, adjusted for the relevant associated covariates.
R E S U LT S
Baseline characteristics A total of 146 patients were enrolled, centrally randomized to HD (70 patients), HF (36 patients) or HDF (40 patients) and followed up for a median of 1.5 years ( IQR 0.8-2.2). Table 1 summarizes the baseline clinical and laboratory characteristics of the three groups which were similar in terms of gender, body weight, comorbidities, dialysis vintage and dialysis treatment time, whereas there were minor differences among groups for age and the proportion of diabetes. At baseline (Table 1) , there were no between-group differences in the biochemical variables related to the dialysis dose for small molecular weight solutes (estimated by means of eKt/V), Hb, calcaemia, phosphataemia, PTH, bicarbonate, kalaemia and plasma albumin. The therapy with phosphate binders and/or vitamin D was not different among the three study groups (P = 0.356 and P = 0.815, respectively).
The CONSORT diagram of the study is reported in Figure 1 . Fifteen patients (10.3%) died during the study, with no difference between the groups (P = 0.403). The causes of death were infection (four patients), acute myocardial infarction (three patients), cachexia (two patients), pulmonary embolism (two patients) and post-operatory complications, cardiovascular disease, acute pulmonary oedema and acute cerebral bleeding (one patient each). Thirteen patients (8.9%) received a cadaveric kidney transplant with no difference between the groups (P = 0.273). Only 10 patients (6.8%: 4 patients in the HD, 1 patient in the HDF and 5 patients in the HF group) (P = 0.127) dropped out during the 3-month adaptation period. The main analysis therefore involved 136 patients (93.2%), 66 on HD, 39 on HDF and 31 on HF (Figure 1 ). Baseline characteristics of the 136 studied patients were not different from the population as a whole (146 patients, data not shown).
As per the protocol, the eKt/V remained unchanged in patients randomized to HD [baseline: 1.27 (IQR 1.15-1.44); during the trial: 1.28 (IQR 1.14-1.44)]. As expected, eKt/V decreased (P < 0.001) in those randomized to HF [from 1.22 (IQR 1.13-1.40) to 1.11 (IQR 0.98-1.23)]. Patients in the HDF arm had a slightly lower eKt/V at baseline [1.20 (IQR 1.13-1.37)] in comparison with other groups. During the trial, eKt/V in this group rose to 1.37 (IQR 1.21-1.50) (P < 0.001). Overall eKt/V did not differ significantly during the trial (P = 0.968). Dietary protein intake, estimated by ePCRn at baseline and monthly during follow-up, was not different among groups at baseline and during follow-up (P = 0.994). As shown in Table 2 , the use of phosphate binders tended to decrease over follow-up from 90.4 to 83.0%, while the use of the active forms of vitamin D remained constant in the three groups. Plasma bicarbonate (20.3 + 2.5 mmol/L) and potassium levels (5.53 + 0.65 mmol/L) were similar at baseline in the three study arms (P = 0.987 and P = 0.733, respectively) and did not change during the trial (P = 0.667 and P = 0.867, respectively).
Total median reinfusion in pre-dilution mode was equal to 60.4 L per HF session (IQR 50.2-69.9), 106% of dry body weight and 39.9 L per HDF session (IQR 28.2-51.0), 64% of dry body weight and the reinfusion volume was maintained constant throughout the trial.
Effect of CTs on phosphate, calcium and PTH Baseline values of P, Ca and PTH were not different in the three study groups (Table 1 ) and remained quite stable across the trial in the HD group as well as in the HF and HDF group (Figure 2) . CTs did not affect P (P = 0.526), calcium (P = 0.849) and PTH levels (P = 0.622).
At univariate analysis, P levels were associated directly with the use of phosphate binders including aluminium-based phosphate binders (P < 0.001) and sevelamer (P < 0.001) and with pre-dialysis serum K levels (P < 0.001), and they were associated inversely with age (P < 0.001) and pre-dialysis bicarbonate levels (P < 0.001).
Generalized linear modelling of serum phosphate over the trial. Table 3 shows the generalized linear model of serum phosphate over the trial. Along with the unadjusted analysis, CTs had no effect on serum phosphate (P = 0.631). The most relevant correlates of phosphate over the trial were the participating centres, plasma bicarbonate, being on therapy with a phosphate binder (sevelamer, aluminium hydroxide or calcium-based phosphate binder) and serum K ( Table 3) . The relationship between serum phosphate and age was no longer significant at multivariate analysis (P = 0.576). As shown in Figure 3 , inter-centre variability in serum phosphate was much pronounced and the median phosphate level ranged from 3.5 mg/dL in centre no.16 to 5.5 mg/dL in centre no. 19 and no. 23. Participating centres were the strongest correlate of phosphate levels explaining as much as 45.3% of the variance in serum phosphate over the trial. The inverse relationship of P levels with the bicarbonate levels is graphed in Figure 4 .
D I S C U S S I O N
This analysis of the CONVESTUDY shows that, at constant phosphate binders and active vitamin D use, serum phosphate during long-term treatment with convective (HF and HDF) and standard low-flux dialysis remains quite similar in patients randomized to these extracorporeal therapies. The main F I G U R E 1 : Flow chart of evaluated patients. sources of P variability during the trial were participating centres, treatment with phosphate binders, serum bicarbonate and, to a weak extent, serum potassium levels. Overall, this analysis suggests that, as applied in everyday clinical practice, convection added to diffusion is unlikely to improve the control of steady-state serum phosphate over time when compared with standard low-flux HD. Since we did not measure whole-body phosphate pool we cannot rule out the possibility that CTs reduced the whole-body P burden, without affecting serum P. Furthermore, this study further highlights the relevance of local clinical policies in the control of hyperphosphataemia.
Individuals on a normal phosphate diet (25-40 mmol/day) absorb ∼15-35 mmol/day of phosphate. If phosphate excess is to be eliminated by dialysis, this treatment should subtract 35-81 mmol per dialysis in patients on standard thrice-weekly regimens. HD with high-flux membranes removes ∼30 mmol over a 4-h treatment [17] . Given the huge pill burden demanded by the use of phosphate binders (four 400-mg calcium acetate tablets are needed to remove 1 mmol of phosphate) efforts at enhancing extracorporeal phosphate removal represent an important clinical research goal.
Even though there is no controlled randomized trial showing a benefit of phosphate-lowering treatments [14] , there is large consensus that correction of hyperphosphataemia is an important treatment target in dialysis patients [15] . According to the current KDIGO guidelines [15] appropriate diet and elimination of hidden sources of phosphate including some soft drinks and food preservatives and the use of F I G U R E 2 : Phospate, calcium and PTH levels at baseline and during the follow-up among the three treatment groups. The median values labelled as 'follow-up' were obtained from each patient during the 21-month evaluation phase. The values of the 3-month adaptation phase were excluded. There was no CTs effect (P = 0.631). Table 2 . Therapy with various types of phosphate binders at baseline and during follow-up. P-values were obtained from binary multiple logistic regression, using the interaction of the type of treatment (HD, pre-HF and pre-HDF) by period (baseline and follow-up). The corner 'HD treatment at baseline' was used as the reference category. Although the results of table suggests some differences, convective therapies were not associated with a significant variation in the use of any binder drug.
phosphate binders constitute the cornerstone for controlling hyperphosphataemia in dialysis patients. Furthermore, increasing dialysis phosphate removal is set as a specific treatment goal in patients with hyperphosphataemia in the same guidelines.
In particular, the efficacy of daily, nocturnal dialysis is emphasized [16] . However, renal physicians face relevant organizational and financial difficulties in performing longer and/or more frequent dialysis schedules. CTs have been proposed as an interesting possibility to enhance extracorporeal removal of phosphate in dialysis patients [8, [18] [19] but evidence in support of this proposal remains scanty and controversial. Zehnder et al. [8] compared P clearance in 16 patients treated for 1 week with high-flux HD followed by a 1-week treatment with on-line HDF and found that HDF produces a marked (33%) increase in P clearance. The sequential design is an inherent limitation of the Zehnder study, which does not allow a firm conclusion on the issue. Lornoy et al. [20] performed a randomized trial in 22 HD patients assigned to post-dilution on-line HDF (4 h) or to high-flux HD of identical duration. The P removal was marginally higher in HDF than in high-flux HD, but this effect was restricted to patients with slight hyperphosphataemia (5.0-5.5 mg/dL), and the apparently higher phosphate removal by HDF did not translate into a measurable reduction in serum phosphate. A secondary analysis of the CONTRAST study [21] tested the hypothesis that HDF on line may have a favourable impact upon P control in dialysis patients. This study failed to show a clear benefit of HDF when compared with standard HD (mean difference in serum phosphate: −0.17 mg/dL; confidence interval −0.44/ + 0.11 mg/dL) and only after adjusting for phosphate binders use did a marginal difference favouring HDF over HD (−0.36 mg/dL) materialize in this analysis. Two recent randomized clinical studies primarily aimed to investigate the effect of convective therapies on mortality failed to show an effect of these treatments on phosphate control [22] [23] .
Our finding that CTs do not determine any advantage in terms of serum phosphate levels control is in keeping with current knowledge about the kinetics of phosphate removal. Phosphate has a multi-compartmental distribution with a complex kinetics [24] , and time is the critical variable to increase phosphate removal during extracorporeal treatments [17] . Our findings are in keeping with studies [17, 25] emphasising that time rather than membrane type or the type of extracorporeal treatment (HDF versus HD) is the critical, modifiable variable which may allow better control of hyperphosphataemia in dialysis patients.
Perhaps, the most interesting finding in our study is the large variability of P plasma levels across participating centres, accounting for >45% of the variability in serum phosphate. Differences in the timing of the pre-dialysis blood sample or the duration or intensity of the dialysis sessions could explain the inter-centre variability in serum P. However, adding to the generalized model the timing of the samples (first or second dialysis of the week), dialysis duration and the intensity of dialysis as estimated by the blood flow rate, none of these variables were independently related to phosphate levels. Moreover, adding these covariates and removing the centre effect, their prediction power did not change, suggesting that the centre effect cannot be explained by these covariates. This high variability across participating centres suggests that there is much room for improving P control simply by multiplying efforts to improve the implementation of current guidelines [15] , i.e. by promoting the application of adequate diet, better use of phosphate binders and, whenever possible, longer dialysis. Serum P associated inversely with plasma bicarbonate and directly with serum K, further underscores the need for considering the acid-base and nutritional status for the interpretation of prevailing serum P levels in dialysis patients.
A limitation to our study is that since we did not measure whole-body phosphate pool we cannot fully rule out the possibility that CTs could have reduced the whole-body P burden, without affecting serum P. Furthermore, this study further highlights the relevance of local clinical policies in the control of hyperphosphataemia. The use of a modified ITT analysis could be another potential limitation of our study, although it was pre-specified in the protocol. Moreover, there was an imbalance in baseline patient characteristics because the HF-treated patients were older. Finally, the relative small number of included patients did not allow other post hoc analyses. A point of strength of our study is that it is the first time that the use of various types of phosphate binders has been accurately investigated in the context of convective therapies and with a multivariate approach, combining their action with other confounders. In agreement with other studies [26] , we found that phosphate binders (90.4%) and active forms of vitamin D (47.8%) were largely used in dialysis patients. The use of these drugs may be an important source of confounding in the interpretation of prevailing serum P levels in patients on CTs when compared with those on standard dialysis. However, in our study there were no differences in the use of these drugs in the three arms of this study, thus avoiding this possibly confounding factor [27] . Furthermore, multivariate analysis adjusting for these drugs as well as for serum calcium, another variable that emerged as a possible confounder [28] further confirmed that CTs do not portend any advantage in controlling serum P levels.
In conclusion, the results of this study do not support the hypothesis that CTs, either HDF or HF, may allow better control of hyperphosphataemia in patients on extracorporeal treatments. The fact that the participating centres were the most relevant factors explaining the variability of serum phosphate, further emphasizes the need for multiplying efforts to improve compliance to current guidelines (KDIGO) recommendations for phosphate control in dialysis patients.
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